





































Calculations		 The	resistance	values	for	different	light	intensities	were	found	on	the	LDR’s	Data	Sheet,	but	were	also	measured	in	order	to	determine	a	range	of	values	to	be	used	for	a	comparative	Op-Amp	design,	and	can	be	seen	in	Table	1	below.		 Light	Conditions	 Resistance	Value	Direct	Sunlight	 200Ω	Shade	 600Ω	Dark	 2000Ω	
Table	1:	Several	resistance	values	of	the	LDR	type	used	in	different	light	intensities.	A	resistance	of	less	than	600Ω	(470Ω)	was	selected	for	one	of	the	resistors	in	the	threshold	voltage	divider.	The	LDR	would	share	this	resistance	when	it	becomes	partially	shaded	and	makes	for	the	ideal	point	at	which	the	circuit	would	react	and	turn	the	heliostat	to	realign	with	the	sun.		
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San	Luis	Obispo		Seasonal	Shift	 Sunrise	 Sunset	 Hours	of	day/night	Vernal	Equinox	 6:50am	 7:00pm	 12.2/11.8	Summer	Solstice	 5:50am	 8:20pm	 14.5/9.5	Autumnal	Equinox	 6:05am	 6:15pm	 12.2/11.8	Winter	Solstice	 7:05am	 4:55pm	 9.8/14.2	
Table	2:	Records	of	the	seasonal	Sunset	and	Sunrise	times	for	San	Luis	Obispo	used	to	


















Figure	12:	Plot	of	change	in	LDR	resistance,	voltage	at	divider	and	voltage	of	motor	over	time.		Figure	12	was	measured	during	the	circuit’s	testing	to	ensure	that	all	of	its	separate	components	were	responding	to	each	other	as	the	light	shown	on	the	tracker	changed.	The	circuit	was	slowly	turned,	manually,	into	and	out	of	the	sun	–	shown	on	one	of	its	LDRs.	The	resistance	of	the	LDR	can	be	seen	dropping	at	first	as	it	was	slowly	moved	from	the	dark.	When	its	resistance	dropped	to	470Ω	the	voltage	across	it	passed	the	comparative	threshold	voltage	and	allowed	for	the	output	of	the	Op-Amp	to	go	high	during	this	period	of	time.	And	as	it	was	slowly	moved	back	into	darkness	the	resistance	increased	passed	470Ω	and	the	voltage	dropped	below	the	Op-Amp	compared	threshold	limit,	dropping	its	output	back	to	zero.	The	charge	of	the	battery	was	measured	over	several	days	in	order	to	determine	if	the	small	solar	panel	was	sufficient	enough	to	keep	it	charged	and	it	was	consistently	reading	3.7V.		 Itemized	Receipt		Component	 Cost	 Quantity	 Total	Battery	Case	 $0.85	 1	 $0.85	Lithium	Battery	 $2.39	 1	 $2.39	Solar	Cell	 $1.58	 1	 $1.58	Diode	 $0.01	 1	 $0.01	LDR	 $0.07	 2	 $0.14	IC	Socket	 $0.09	 2	 $0.18	L9110H	IC	 $0.87	 1	 $0.87	
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LM358N	IC	 $0.35	 1	 $0.35	Resistor	 $0.06	 4	 $0.24	Motor	 $12.95	 1	 $12.95	Perfboard	 $0.60	 1	 $0.60	Jar	 $0.00*	 1	 $0.00	Wires	 $0.00*	 N/A	 $0.00	Hot	Glue	 $0.00*	 N/A	 $0.00	Solder	 $0.00*	 N/A	 $0.00	
Table	4:	Breakdown	of	the	prices	of	all	the	tracker	components.	(*Salvage/free)	The	prices	on	Table	4	were	eBay	item	purchases.		
DISCUSSION	
Analysis	
	 The	jar	that	was	used	to	house	the	circuit	worked	very	well.	It	had	very	thick	glass	to	prevent	it	from	being	easily	broken,	but	still	allowed	for	light	to	reach	the	LDRs.	It	was	water	tight	with	the	addition	of	hot	glue	where	the	wires	had	to	be	lead	through	the	lid	for	the	solar	panel	and	motor.	It	was	compact	so	it	didn’t	have	to	take	up	much	space	to	be	implemented	in	a	project.	And	it	was	practically	free	because	it	was	once	garbage.		In	Figure	12,	once	the	LDR	reached	a	resistance	of	around	470Ω	the	voltage	across	it	changed	enough	to	reach	the	threshold	voltage	of	3.1V.	After	surpassing	the	threshold	voltage,	the	Op-Amp’s	comparative	configuration	allowed	for	current	to	flow	through	to	the	H-Bridge	and	on	to	power	the	motor.		A	lithium	Ion	battery	was	the	ideal	choice	to	meet	the	criteria	of	the	tracker	when	compared	to	other	battery	types	such	as	NiCd,	NiMH	and	Lead	Acid.	It	had	the	largest	voltage	(3.7V)	and	capacity	(800mAh)	for	its	size.	This	allowed	it	to	power	the	motor	responsible	for	turning	the	array,	while	keeping	the	size	of	the	tracker	small.	However,	this	came	at	the	cost	of	being	more	expensive.	Additionally,	with	Lithium	batteries,	it’s	cautioned	that	they	be	kept	above	an	optimally	rated	voltage	in	order	to	prevent	over-discharging	(“Lithium	Ion	Battery”).	As	long	as	it	continues	to	be	recharged	it	has	a	very	long	life	span.		The	measured	voltage	remaining	at	3.7V	means	that	the	battery	received	enough	energy,	on	average,	to	remain	charged	enough	to	power	the	tracker	indefinitely.	Further	monitoring	of	the	voltage	would	be	needed	to	ensure	that	it	does	not	drop	over	time,	which	would	suggest	the	solar	cell	was	just	shy	of	being	powerful	enough	to	recharge	it	forever.		It	was	difficult	finding	other	solar	trackers	for	sale	that	had	all	the	same	features	as	were	included	in	this	project.	The	least	expensive	units	were	tracker	controllers	available	for	around	$60	(Figure	13A),	but	didn’t	include	any	motors	or	means	by	which	to	power	itself.	And	there	were	also	a	few	kits	for	around	$150	(Figure	13B)	that	included	everything	but	the	ability	to	power	itself.	Compared	to	these	prices,	the	$20.16	it	cost	to	assemble	this	tracker	is	very	reasonable.			
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Figure	13	(A	&	B):	Other	marketed	solar	tracker	kits	with	similar	features	(24,	25).			Perhaps	most	important	of	all,	it	was	hard	to	imagine	how	the	tracker	could	have	been	any	easier	to	use.	As	long	as	the	jar	was	affixed	to	the	heliostat	being	controlled	by	the	motor,	it	practically	ran	itself.	Because	it	had	the	LDRs	to	detect	the	presence	of	sunlight,	the	active	feedback	between	the	motor	and	controller	allowed	for	unsupervised	assurance	that	the	unit	would	always	be	facing	the	sun	during	a	cloudless	day.			
Conclusion		 The	larger	goal	of	this	project	is	to	develop	solar	cooking	as	a	substitute	for	biomass	stoves.	The	focus	of	this	paper	in	particular	was	to	design,	test	and	construct	the	solar	tracking	element.	In	the	end	it	was	a	small,	durable,	inexpensive,	self-charging,	easy	to	use,	solar	tracking	device.	With	that	being	said,	there	were	still	things	that	could	have	been	done	differently.	The	motor	used	met	the	energy	and	torque	requirements	of	the	project,	but	it	was	salvaged	from	an	old	machine,	and	the	gear’s	teeth	were	very	worn.	Without	a	proper	grip	on	the	chain	used	to	orient	the	concentrator	it	easily	slipped	if	it	were	bumped	or	a	breeze	picked	up.	Adding	that	to	the	fact	that	the	apparatus	was	top-heavy	and	it	was	quite	a	problem	keeping	the	reflector	stationary	during	the	day.	In	the	future,	counter	weights	would	need	to	be	added	to	balance	the	load	and	a	new	cog	should	be	attached	to	the	motor	for	better	grip	on	the	chain.	Among	the	many	traits	the	tracker	was	desired	to	have,	it	was	to	be	rugged	so	it	could	remain	sturdy	under	rough	handling,	which	was	accomplished	well	by	the	glass	jar,	but,	if	this	project	was	done	differently,	a	clear	plastic	jar	would	have	been	easier	to	come	by,	accomplished	the	same	job	and	be	less	prone	to	shattering	than	the	glass	one.	And	while	it	worked	to	allow	the	light	to	hit	the	LDR,	the	thick	glass	distorted	the	light	just	enough	that	resetting	during	sunrise	was	not	possible:	both	the	angle	of	the	concentrator	and	the	diffuse	light	prevented	the	LDR	from	detecting	the	sun	for	several	hours.	Further	research	would	be	needed	to	see	if	the	circuit	could	be	designed	to	reset	on	its	own	at	dusk	in	preparation	for	dawn.	Additionally,	because	the	enclosure	was	transparent,	it	acted	like	a	small	
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greenhouse.	Long-term	monitoring	of	the	condition	of	the	circuit	would	need	to	be	done	to	ensure	the	heat	wasn’t	damaging	it	over	time.		The	light	dependent	resistors	did	their	jobs	perfectly	in	the	active	solar	tracking	configuration	and	were	relatively	cheap	compared	to	the	whole	tracker.	But	if	there	was	more	time	to	investigate	other	solar	detection	electronics,	then	it	would	be	worth	looking	into	light	emitting	diodes.	While	under	normal	conditions	an	LED	emits	light	when	current	is	passed	through	it	in	a	specified	direction,	if	light	is	shown	on	an	LED	a	very	small	current	can	be	measured	as	a	result	(Dietz).	LEDs	are	cheaper	than	LDRs	and	their	operational	quiescent	power	is	almost	nothing.	That	means	if	they	are	used	as	sensors	in	a	reverse	bias	orientation,	they	use	almost	no	power,	compared	to	the	12.4mA	required	by	the	existing	design	with	LDRs.	It	would	be	worth	investigating	in	the	future	to	determine	if	a	circuit	could	be	designed	to	last	longer	periods	of	time	without	recharging,	if	this	project	was	visited	again.		The	solar	panel	in	combination	with	the	lithium	ion	battery	worked	great	to	keep	the	price	of	the	project	low	and	allow	the	tracker	to	power	itself	indefinitely.	The	only	concern	would	be	if	the	device	was	left	in	the	shade	for	long	periods	not	being	used,	at	which	point	the	battery	may	no	longer	hold	as	much	capacity	for	charge.	A	solution	to	this,	which	would	need	further	investigation,	would	be	to	use	capacitors	instead;	they	will	not	lose	capacity	overtime	after	being	left	depleted.			One	particular	problem	encountered	with	the	project,	and	the	constant	problem	with	solar	energy	in	general,	was	that	at	night	the	system	couldn’t	perform	its	job.	It	was	not	the	subject	of	this	paper	to	discuss	it,	but	a	thermal	storage	unit	could	be	used	to	capture	the	energy	of	the	system	during	the	day	and	release	it	after	the	sun	goes	down	just	long	enough	for	a	diner	meal	to	be	made	with	the	residual	heat.	Otherwise,	the	single-axis	solar	tracking	device	did	an	excellent	job	at	meeting	many	of	the	goals	set	out	in	this	project.																						
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